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ABSTRACT 

PURPOSE: To prevent the occurrence of cracks in a lower gate insulating 
film due to the deposition stress of a polyimide film by method wherein an 
interface material of a source drain electrode in contact with the 
polyimide film is formed of a material selected from Ti, V, Cr, Mo, Ta, and W. 
CONSTITUTION: A polyimide film 8 covers a principal face of an active 
semiconductor layer 4 which includes the surface of a source and a drain 
electrode. Moreover, the interface of the source drain electrode in contact 
with the polyimide film 8 is formed using a metal thin layer formed of a 
metal selected from Ti, V, Cr, Mo, Ta, and W. As mentioned above, the 
stress acting on a TFT due to the polyimide film can be decreased by using 
a metal small in a stress value. By these processes, the occurrence of 
cracks on the gate insulating film 3 due to the deposition stress caused by 
the polyimide film 3 can be prevented. 
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1. Title of the Invention; 

THIN FILM TRANSISTOR MATRIX 

2 . Claim: 

A thin film transistor matrix having a plurality 
of thin film transistors arranged in matrix on a 
light-transmitting insulating substrate (1) , each of said thin 
film transistors including a source/drain electrode (6) made 
of an electrically conductive material and formed on one of 
main planes of an operation semiconductor layer (4) , and a gate 
electrode (2) formed on the other main plane of said operation 
semiconductor layer through a gate insulating film (3) , wherein 
said thin film transistor further includes a polyimide film 
(8) for covering said one main plane of said operation 
semiconductor layer (4) inclusive of a surface of said 
source/drain electrode (6), and an interface of said 
source/drain electrode (6 ) keeping contact with said polyimide 
film (8) comprises a thin layer of a metal selected from the 
group consisting of Ti, V, Cr, Mo, Ta and W, 

3. Detailed Description of the Invention: 
[Summary] 

This invention relates to a thin film transistor 
matrix used for driving a liquid crystal display device, or 
th like. 
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The invention has its object to prevent the 
occurrence of cracks in a gate insulating film resulting from 
a deposition stress of polyimide. 

A thin film transistor matrix, according to the 
invention has a plurality of thin film transistors arranged 
in matrix on a light -transmitting insulating substrate, each 
of the thin film transistors including a source/drain electrode 
made of an electrically conductive material and formed on one 
of main planes of an operation semiconductor layer, and a gate 
electrode formed on the other main plane of the operation 
semiconductor layer through a gate insulating film, wherein 
the thin film transistor further includes a polyimide film 
covering one of main planes of the operation semiconductor layer 
inclusive of a surface of the source/drain electrode, and an 
interface of the source/drain electrode keeping contact with 
the polyimide film comprises a thin layer of a metal selected 
from the group consisting of Ti, V, Cr, Mo, Ta and W. 
[Industrial Field of Application] 

This invention relates to a thin film transistor 
matrix used for driving a liquid crystal display device, or 
the like. 
[Prior Art] 

A liquid crystal display device in which a large 
number of liquid crystal cells are arranged in matrix on a 
light -transmitting insulating substrate such as a glass 
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substrate and thin film transistors are respectively arranged 
to drive these liquid crystal/cells has gained a wide application 
as a display device of personal computers and word processors. 

Any protective film is put on the large number of 
thin film transistors (TFT) arranged in matrix to protect these 
TFTs. A polyimide insulating film has heretofore been used 
in most cases as the protective film because the polyimide 
insulating film can be formed by a spin-coating method, has 
high insulating property, can be easily formed, has a smaller 
number of pin-holes, does not require charged particles such 
as plasma and electron beams during the film formation and hence 
does not impart electrostatic damage to the TFT. 
[Problems that the Invention is to Solve] 

However, polyimide exhibits a volume decrease of 
about 20% during its firing and shrinkage stress occurring at 
this time mechanically destroys the insulating film of the TFT 
to be protected. 

Fig. 4 is a sectional view showing a sectional 
structure of the TFT according to the prior art. As shown in 
the drawing, a gate electrode 2 made of an electrically 
conductive material such as titanium (Ti) is deposited on an 
insulating substrate 1 such as a glass substrate. A gate 
insulating film 3 made of silicon nitride (SiN) or the like, 
an amorphous silicon (a- Si) layer 4 as an operation semiconductor 
layer and an n + a-Si layer 5 as a contact layer are further stacked 



4 



on and over the gate electrode 2. Furthermore, an aluminum 
(Al) film 6 ' as a source/drain electrode is formed on the former 
and a polyimide film 8 operates as a protective layer on the 
aluminum film 6'. Incidentally, reference numeral 7 denotes 
an insulating film such as a silicon dioxide (Si0 2 ) film. 
Reference numerals 9 and 10 denote respectively a chromium (Cr) 
film and an Al film . These films together constitute a shielding 
film. 

When the TFT employs the construction described 
above, a crack 11 occurs in the gate insulating film 3, etc, 
which are located lower, due to the shrinkage stress of the 
polyimide film 8 , and this crack invites the occurrence of 
short-circuit between the gate electrode 2 and the Al film 6' 
of the drain/source electrode. 

Therefore, the invention contemplates to prevent 
the occurrence of the crack of the gate insulating film of the 
lower layer resulting from the deposition stress of polyimide. 
[Means for Solving the Problems] 

In TFT of an inverted stagger type as shown in Fig. 
1, the invention forms the interface of the source/drain 
electrode 6 keeping contact with the polyimide film 8 from a 
member selected from the group consisting of Ti, V, Cr, Mo, 
Ta and W (hereinafter called "metal such as Ti*). 
[Operation of the invention] 

It is known that the deposition stress of polyimid 
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increases with the rise of the firing temperature of polyimide. 
However, its dependence on the base has not been clarified 
sufficiently. The inventors of this invention have examined 
dependence of the deposition stress on the base from the change 
of a warp quantity of Si wafers. As a result, the inventors 
have found that the stress greatly changes with the base. 

Fig. 2 is a diagram showing the relation of the 
deposition stress of the polyimide film with the firing 
temperature of polyimide when polyimide (PI-2555) of DuPont 
Co. is used. It can be understood from Fig. 2 that when the 
base of the polyimide film is Al andTi, respectively, the stress 
value is different by two times or more when the firing 
temperature is within the range of about 250 to about 300QC. 
Such a tendency can be observed not only in Ti but also in Mo, 
W, Ta, and so forth, and the stress value is substantially equal 
to the stress value of Ti. 

The invention uses a metal having a small stress 
value for the drain electrode to mitigate the stress of polyimide 
imparted to the TFT receives. The invention can use the metal 
such as Ti described above. In this way, the invention can 
reduce the damage of the TFT. 
[Embodiment] 

An embodiment of the invention will be hereinafter 
explained with reference to Figs. 1 to 3. 

The difference of this embodiment of the invention 
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from the TFT according to the prior art shown in Fig. 4 resides 
in that the source/drain electrode 6 keeping contact with the 
polyimide film is formed of a Ti film. This construction can 
completely eliminate the short-circuit defect that has occurred 
between the gate and the drain. 

Reference numeral 1 denotes an insulating substrate 
having light transmission property such as a glass substrate. 
Reference numeral 2 denotes a gate electrode formed of a Ti 
layer having a thickness of about 80 nm. Reference numeral 
3 denotes a gate insulating film formed of a SiN film having 
a thickness of about 300 nm. Reference numeral 4 denotes an 
about 100 nm- thick a- Si layer as an operation semiconductor 
layer. 

The SiN film 3 described above is formed by use 
of a plasma chemical vapor growth (P-CVD) method using a mixed 
atmosphere of SiH 4 and NH 3 at a substrate temperature of about 
300SC . Reference numeral 5 denotes a contact layer . Reference 
numeral 5 denotes a contact layer 5 of an about 30 nm- thick 
n + a-Si layer formed by use of the P-CVD method using SiH 4 that 
is doped with about 0.5% of PH 3 . Reference numeral 7 denotes 
an about 140 nm- thick Si0 2 film formed by the P-CVD method using 
a mixed atmosphere of SiH 4 and N 2 0. 

The source/drain electrode formed of the Al film 
has been formed in the past as the upper layer of the n + a-Si 
layer 5 described above. In this embodiment, however, the Ti 
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* 100 ran constitutes the 

film formed to a thickness of about 100 ran 

source/drain electrode 6. 

Heference numeral 8 denotes an about 1 um-thic* 
polyimide.suchasOuPontPX-^S. The firing temperature 

of this polyimide film is about 3...C. The polyimide film 8 
as . protective film is exactly the same as that of the prior 
art devices- 

Members denoted by reference numerals 7. , and 10 
constitute a shading film «« prevents incidence of the rays 
o£ li 9 ht into a channel portion that is formed Immediately above 
the gate electrode 2 of the operation semiconductor layer. 
Heference numeral 7 denotes a SiO, film. Heference numeral , 
denotes an about 80 nm-thick Cr film, Reference numeral X0 

denotes an about 1 nm-tHc* Al fU»- 

As described above, the source/drain electrodes 

. keeping contact with the polyimide film 8 in this embodiment 
are formed of the Ti film in place of the conventional Al film. 

Figs . 3 ( a) and 3 (b) show the effects of the invention 
in comparison with the prior art example. The matrix that is 
evaluated is amatrix of ». by ,60 dots. 3,a, represents 

the prior art structure in which the source/drain electrode 

„ fi ( b 1 represents the embodiment 
is formed of the Al film 6 . Fxg . 6 (b) repr 

described above that uses the Ti film. 

„ can be clearly understood from these diagrams 
that the defect of the withstand voltage in the prior art 
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structure using the Al film 6' exhibits a broad distribution 
from a low value to a high value whereas in the embodiment of 
the invention, the defect of the withstand voltage concentrates 
at the vicinity of a normal value , and is small and the production 
yield can be drastically improved. 

The reason why the low withstand voltage does not 
occur in the embodiment is as follows. When the metal layer 
keeping contact with the polyimide film 8 is the Ti film, the 
deposition stress of the polyimide film 8 becomes by far smaller 
than that of the Al film, the shrinkage stress acting on the 
operation semiconductor layer and on the gate insulating film 
3 as the lower layers becomes weaker and the cracks do not develop 
in these under layer films as can be understood from Fig. 2. 

It is assumed that such an effect is brought forth 
because affinity with the polyimide film is different between 
Al and Ti, or the like. 

In the first place, the coefficient of thermal 
expansion of Al is by far closer to that of polyimide than that 
of the metal such as Ti . The bonding strength of Al to polyimide 
is extremely greater than the bonding strength of the metal 
such as Ti* Incidentally, compatibility between Al and 
polyimide is so high that no coupling agent is necessary. 

For these reasons, Al is bonded extremely strongly 
to polyimide . When the Al film keeps contact with the polyimide 
film, therefore, the deposition stress of polyimide is so high 
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that the under layer films are broken. It is believed that 
when the metal layer keeping contact with the polyimide film 
is a metal such as Ti, in contrast, the deposition stress of 
the polyimide film becomes small because the bonding strength 
between the metal such as Ti and the polyimide film is small, 
and the lower layers are not broken. 

The embodiment described above represents an 
example of the single-layered structure in which the 
source/drain electrode 6 is formed of only the Ti film. However, 
the source/drain electrode 6 may well have a multi- layered 
structure such as Ti/Al/Ti* What is important hereby is that 
the interface of the source/drain electrode 6 keeping contact 
with the polyimide film 8 is formed of a metal thin film selected 
from the metals such as Ti, and the source/drain electrode 6 
may have a single- layered structure of such a metal or a laminate 
structure with other metal layers. 
[Advantage of the Invention] 

As explained above, the invention can reduce the 
deposition stress of polyimide and can improve the withstand 
voltage. 

Brief Description of the Drawings: 

Fig. 1 is an explanatory view of a structure of 
an embodiment according to the invention; 

Fig . 2 is a diagram showing dependence of deposition 
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stress of polyimide on a firing temperature; 

Figs .3(a) and 3(b) are diagrams showing a withstand 
voltage distribution of the embodiment described above in 
comparison with a prior art example; and 

Fig. 4 is a sectional view of principal portions 
of a structure of TFT according to the prior art. 

In the drawings, reference numerals represent the 
following members. 
2: gate electrode 

3: gate insulating film (SiN film) 

4: operation semiconductor layer (a-Si layer) 

5: contact layer (n + a-Si layer) 

6: source/drain electrode (Ti film) 

8: polyimide film 
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Fig. 1: 

Explanatory view of structure of embodiment 

Of the invention 

1: insulating substrate 

2: gate electrode 

3: gate insulating film (SiN film) 
4: a-Si layer 
5: n + a-Si layer 

6: source/drain electrode (Ti film) 

7: Si0 2 film 

8: polyimide film 

9: Cr film 

10: Al film 

Fig. 2: 

Firing temperature dependence of deposition 
Stress of polyimide 

1: polyimide: DuPont type PI -2555, 1 \xm thick 
2: base film: Al 

3: deposition stress of polyimide film (x 10 8 dyn/cm 2 ) 
4: firing temperature dependence of deposition 
stress of polyimide (*C) 

Fig. 3: Withstand voltage distribution of TFT matrix 



Fig. 3(a) 

Withstand voltage distribution when 5.D metal is Al 



1 : number of breakage { % ) 
2: impressed voltage (V) 

Fig* 3(b): 

Withstand voltage distribution when 5.D metal is Ti 

1 : number of breakage ( % ) 
2: impressed voltage (V) 

Fig. 4: 

Main portion sectional view showing prior art TFT structure 
1: insulating substrate 
2: gate electrode 

3: gate insulating film (SiN film) 

4: a- Si layer 

5: n 4 a-Si layer 

6 ' : Al film 

7: Si0 2 film 

8: polyimide film 

9: Cr film 

10: Al film 
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